Abstract. In order to study the influence of different types of small defects on the flow resistance characteristics of thin-walled components, the method of micro-focus industrial CT images and numerical simulation was used. According to CT imaging technology, there were mainly three types of small defects on the inner surface of the runner: surface pores, surface inclusions, and surface cracks. Extracting small defects, refining the local grid, and establishing the finite element analysis model. Through finite element calculation software Fluent, a low Reynolds number k-e model was adopted to carry out numerical simulation and analysis on the flow channels with three small defects on the inner surface. The results showed that under the same Reynolds number condition, the flow resistance coefficient of surface cracks was the largest, which was much larger than that of surface inclusions and surface pores. The resistance of surface pores and surface inclusions to the flow passage was similar and relatively small. The flow resistance coefficient of three kinds of minor defects decreased with the increase of Reynolds number. In the case of low Reynolds number, the separation of flow boundary layer occurred at the surface cracks.
Introduction
With the development of the aerospace industry, micro-nano satellites were faced with the need to reduce the weight of the whole star, and to transform to small, low-cost, short-period micro-small propulsion system [1] . This put forward strict requirements on the design of propeller structure, wall thickness and the carrying amount of combustion agent. It was imperative to use thin-walled pressure structure in the combustion chamber and flow channel. With the increasing of the titanium alloy material manufacturing technology for use in the field of domestic space [2] , especially in the satellite system of "heart" -the application of the propulsion system, a series of technical problems were revealed, the defect size of titanium alloy additive products was small, such as the size of pores, inclusions and micro cracks in micron, which could not be detected by conventional non-destructive testing methods. In 2015, Central South university and Beijing aviation materials research institute carried out systematic high-precision CT test on aluminum alloy and titanium alloy specimens manufactured by extender. The results showed that the concentrated porosity defects were found in some specimens, indicating the effectiveness of industrial CT in detecting defects in additive manufacturing.
In this paper, a study on micro-focus industrial CT imaging technology was carried out for complex thin -walled components of adding material manufacturing titanium alloy in spacecraft propulsion system. The goal was to establish a data model based on the product defect distribution characteristics and internal surface topography characteristics, and then to establish a finite element analysis model for simulation and simulation analysis, so as to realize the flow resistance analysis of the additive manufacturing products under special application environment, which could further promote the application of the additive manufacturing technology in the off weight type engineering.
Identification and Characterization of Small Defects
In the domestic aerospace field, the additive manufacturing technology using titanium alloy has been carried out, among which, the "heart" -propulsion system of the satellite system has been applied. Figure 1 showed Aerojet's MPS130 micro-propulsion system, which has completed in-orbit verification on the satellite 17. However, there were also a series of problems in the production of titanium alloy additive products, especially the small defects such as pores, inclusions and cracks. The defect size was in micron level, which could not be detected by conventional non-destructive testing methods [3] . Therefore, it was necessary to carry out microfocus industrial CT imaging technology to identify small defects. The steps of small defect recognition were as followed: according to the mathematical description of edge degradation of CT image, a defect edge degradation model was constructed. Based on the gray level information of CT image, this paper discussed related parameters corresponding to it, correcting the model of defect edge degradation, obtaining effective information of defect recognition, and realizing defect recognition and characterization. By means of CT scanning and image processing, it was found that there were mainly three types of small defects on the inner surface of thin-walled components: surface pores, surface inclusions, and surface cracks. CT scanning images and three different defects were shown in figure 2. The size of surface pores and surface inclusions was between 0.03 and 0.05mm, and the width of surface cracks was about 0.01mm, which showed a sharp Angle shape. After 3D visualization of CT scan data with VGSTUDIO MAX software, it was found that small defects were evenly distributed on the internal surface of the flow passage. Table 1 showed the number of three small defects on the internal surface of the flow passage statistically. 
Small Defects Finite Element Model Based on CT Data
The image data of flow channel structure and internal surface defect topography were obtained through CT processing, and STL format files were obtained, which were imported into ICEM grid processing software. The areas of small defects were repaired by topological geometry, and the overall inner flow channel grid was obtained by grid division, as shown in figure 3 . The areas of small defects were extracted, the local grid was refined, and prismatic grid was used to encrypt near its wall surface to improve the convergence accuracy, as shown in figure 4 . 
Analysis of Flow Resistance Based on Finite Element Analysis Model
After the establishment of the small defect grid model, Fluent was introduced to carry out numerical simulation on the flow pattern of fluid in the flow passage and analyzing the influence of small defect on the flow field of thin-walled components. When choosing the computational model, because the Reynolds number of the fluid in the flow passage of thin-walled components was small, the flow state was generally laminar [4] . However, when the fluid flowed through the defect, the disturbance of the defect structure would cause a certain energy loss, and turbulence might exist locally. Therefore, in the selection of the calculation model, the turbulence model of the two equations of low Reynolds number k-e model was adopted to carry out the numerical simulation analysis [5] .
Reynolds number, a dimensionless number used to characterize fluid flow conditions [6] .
Re = ρvd/μ
Where, μ is the viscosity coefficient of the fluid, pa·s; d is the characteristic length, m. Flow resistance coefficient [7] .
Where, v is the velocity of medium in the pipeline, m/s. To study the flow characteristics of small defects, it would be given two different differential Δ P = 30 pa, 100 pa, observing the flow of the three kinds of defects. As shown in velocity vector diagram of figure 5 and figure 6, when Δ P = 30 pa, the flow direction of pore and inclusion of small defects were basically consistent with the mainstream. When Δ P = 100 pa, two small defects existed vortex phenomenon, which would lead to increased flow resistance. As shown in figure 7, even Δ P = 30 pa, there was a vortex on the surface crack, this indicated that the flow resistance generated by surface crack was greater than that of pore and inclusion, this was because the crack would cause the flow boundary layer to separate, forming the local swirl structure in the crack. However, the structure of surface pores and surface inclusions was relatively smooth, and there was no separation of boundary layer in the case of low Reynolds number. With the increase of pressure, i.e. the Reynolds number become larger, the boundary layer separation phenomenon of surface pores and surface inclusions also occurred, forming local swirl structure. In order to compare the flow resistance of three kinds of defects, it was assumed that there was only one kind of defect, and calculating its flow resistance coefficient. Fig. 8 showed the flow resistance coefficient curves of three small defects. It could be seen that under the condition of the same Reynolds number, the flow resistance coefficient of surface cracks was the largest, followed by surface inclusions, while the flow resistance generated by surface pores was the smallest. The flow resistance coefficients of the three kinds of small defects decreased with the increase of Reynolds number. 
Summary
The identification and characterization of small defects of titanium alloy complex thin-walled members could be realized through the micro-focus industrial CT imaging technology. There were mainly three types of small defects of thin-walled components: surface pores, surface inclusions, and surface cracks. Under the condition of the same Reynolds number, the maximum flow resistance coefficient of surface cracks was much larger than that of surface inclusions and surface pores, and the resistance of surface pores and surface inclusions to the flow passage was relatively small. The flow resistance coefficient of three kinds of minor defects decreased with the increase of Reynolds number. In the case of low Reynolds number, the separation of flow boundary layer occurred at the surface crack.
